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,Q JOREDOLVHG HFRQRP\ DOO PHFKDQLFDO V\VWHPV QHHG WR EH KLJKO\ SURGXFWLYH DQG HIILFLHQW /HDG WLPH UHGXFWLRQ DQG GHIHFW
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,QWURGXFWLRQ
,Q SUHVHQW FRQWH[W RI JOREDOL]DWLRQ DOO PHFKDQLFDO V\VWHPV DUH UHTXLUHG WR EH KLJKO\ HIILFLHQW DQG FRVW
HIIHFWLYH ,W FDQ EH RQO\ DFKLHYHG E\ LPSURYLQJ PDLQWDLQDELOLW\ RI WKH V\VWHP 0DLQWDLQDELOLW\ LV GHILQHG DV
SUREDELOLW\WKDWDIDLOHGFRPSRQHQWRUV\VWHPZLOOEHUHVWRUHGWRDVSHFLILHGFRQGLWLRQZLWKLQDVSHFLILHGWLPHZKHQ
PDLQWHQDQFH LV SHUIRUPHG LQ DFFRUGDQFHZLWK SUHVFULEHG SURFHGXUHV ,W LV WKH HDVHZLWKZKLFK D SURGXFW FDQ EH
PDLQWDLQHG LQ RUGHU WR LVRODWH GHIHFWV RU WKHLU FDXVH ,Q VRPH VLWXDWLRQV PDLQWDLQDELOLW\ LQYROYHV D V\VWHP RI
FRQWLQXRXV LPSURYHPHQW  OHDUQLQJIURPWKHSDVW LQRUGHU WR LPSURYH WKHDELOLW\ WRPDLQWDLQV\VWHPVRU LPSURYH
UHOLDELOLW\ RI V\VWHPV EDVHG RQPDLQWHQDQFH H[SHULHQFH0DLQWDLQDELOLW\ GHWHUPLQHV WKH HDVHZLWKZKLFK YDULRXV
PDLQWHQDQFH DFWLYLWLHV FDQ EH FDUULHG RXW VXFK DV LQVSHFWLRQ UHSDLU UHSODFHPHQW DQG GLDJQRVLV 7KXV LW LV DQ
LPSRUWDQW DVSHFW RI WKH OLIHF\FOH GHVLJQ RI DPHFKDQLFDO FRPSRQHQW DQG SOD\V D SLYRWDO UROH GXULQJ WKH VHUYLFH
SHULRG RI WKH SURGXFW %HWWHUPDLQWDLQDELOLW\ RI DPHFKDQLFDO FRPSRQHQW ZRXOG LPSO\ WKDW WKH GRZQWLPH RI WKH
HTXLSPHQW LV ORZ WKHUHIRUH SURGXFWLYLW\ ZLOO EH KLJK ,W DOVR PHDQV WKDW WKH WLPH WR FDUU\ RXW WKH SUHYHQWLYH
PDLQWHQDQFHLVORZDVZHOODVWKHWLPHWDNHQLQIDXOWDQDO\VLVLHLQVSHFWLRQUHSDLURUUHSODFHPHQWGHSHQGLQJXSRQ
ZKLFKHYHULVDSSOLFDEOHDQGVXEVHTXHQWRSHUDWLRQVDUHORZ
0DLQWDLQDELOLW\ KDV DWWDLQHG JUHDW VLJQLILFDQFH VLQFH WKH DGYHQW RI VHULRXV VXEVWLWXWH FRPSRQHQWV ZKLFK
FRPSHWH IRU WKHLU VKDUH LQ WKHPDUNHW+HQFH KLJKPDLQWDLQDELOLW\ LV GHVLUHG WRPD[LPL]H WKH DYDLODELOLW\ RI WKH
HTXLSPHQW IRU SURGXFWLYH XWLOL]DWLRQ DQG WKH HFRQRPLF OLIHVSDQ RI WKH FRPSRQHQW 7KLV ZRXOG DOVR PHDQ
PLQLPL]LQJ WKH SURGXFWLRQ ORVV RU HIILFLHQW ZRUNLQJ RI WKH FRPSRQHQW GXH WR EUHDNGRZQV +LVWRULFDOO\
PDLQWDLQDELOLW\ZDVWKRXJKWRIDVDFRUUHFWLYHPDLQWHQDQFHWRROZKLFKKDGLWVVLJQLILFDQFHRQO\ZKHQWKHUHZDVD
EUHDNGRZQDQGWKHFRPSRQHQWZDVUHTXLUHGWREHUHVWRUHGWRWKHRULJLQDOFRQGLWLRQ4XDQWLILDEOHPHDVXUHVRIVXFKD
PDLQWDLQDELOLW\ LV FDOFXODWHG LQ WHUPV RI 0HDQ 7LPH 7R 5HSDLU 0775 0HDQ 7LPH %HWZHHQ 0DLQWHQDQFH
07%0 PHDQ V\VWHP GRZQWLPH 0HDQ 7LPH 7R 5HVWRUH PDLQWHQDQFH ZRUN KRXUV SHU RSHUDWLQJ KRXUV RU
PD[LPXP WLPH LQZKLFK D FHUWDLQ SHUFHQWDJH RI IDLOXUHVPXVW EH UHSDLUHG2QHPDMRU IODZZLWK WKLV FRQFHSW RI
PDLQWDLQDELOLW\ LV WKDW LV UHOLDQW RQ SURWRW\SH GHPRQVWUDWLRQ DQG SUHH[LVWLQJ KLVWRU\ RI WKH FRPSRQHQW LQ WKH
DEVHQFHRIZKLFKVXLWDEOHTXDQWLWDWLYHLQGH[FDQQRWEHHYDOXDWHGDQGDOVRLWUHQGHUVLWIXWLOHIRULPSOHPHQWDWLRQRQ
QHZGHVLJQV$OVRPHWKRGVWKDWLQYROYH0775DUHJHQHUDOO\EDVHGRQODERUFRVWRUFRVWLQFXUUHGGXULQJGRZQWLPH
7KH IODZZLWK WKLV LV WKDW LWV VLJQLILFDQFH RQ GHVLJQ OHYHO LV QLO DV QR LQWHUSUHWDWLRQ FDQ EH PDGH DQG WKXV DQ\
LPSURYHPHQWLQWKHGHVLJQFDQQRWEHWKRXJKWRIEDVHGRQWKHPLQLPXPUHTXLUHGPDLQWDLQDELOLW\RIDFRPSRQHQWRU
LWVH[SHFWHGPDLQWDLQDELOLW\
7KH SURFHVV RI KDUQHVVLQJ WKH EHQHILWV RI GHILQLQJ PDLQWDLQDELOLW\ DW WKH GHVLJQ VWDJH RI D PHFKDQLFDO
FRPSRQHQW KDV WR VWDUW ZLWK GHILQLQJ WKH PDLQWDLQDELOLW\ JRDOV DQG FRQFHSWV %DVHG RQ WKHVH PDLQWDLQDELOLW\ LV
DOORFDWHGWRHDFKFRPSRQHQWRIDV\VWHPZKLFKGHWHUPLQHVZKDWGHVLJQPHWKRGVQHHGWREHLPSOHPHQWHG9DULRXV
VHFRQGDU\IDFWRUVQHHGWRDOVREHFRQVLGHUHGVXFKDVSHUVRQQHOLQFOXGLQJHUJRQRPLFVWUDLQLQJIRUWKHFUHZVDIHW\
UHTXLUHPHQWV HW FHWHUD%DVHGRQ WKHVH DSURWRW\SHPD\EHGHYHORSHG WRFDUU\RXWPDLQWHQDQFHDQGDQDO\VLVRU




*DQGKL DQG$JUDZDO KDYHDSSOLHG*UDSK WKHRU\DV D ORJLFDO DQGV\VWHPDSSURDFK LQZKLFK WKH\XVHG WKH
JUDSKWKHRU\DQGWKHPDWUL[DSSURDFKDVDGHFLVLRQPDNLQJPHWKRGLQWKHPDQXIDFWXULQJHQYLURQPHQW6DEKDUZDO







WKHRUHWLFPHWKRG LV DOVRGRQHE\:DQL DQG*DQGKL  IRU HYDOXDWLRQRIPDLQWDLQDELOLW\ LQGH[RIPHFKDQLFDO







7KH GHVLJQ SURFHVV GHWHUPLQHV WKH FRQGLWLRQV XQGHU ZKLFK PDLQWHQDQFH DQG UHSDLU KDYH WR EH








DQG *DQGKL  KDYH GHILQHG WZHOYH DWWULEXWHV RQ ZKLFK PDLQWDLQDELOLW\ GHSHQGV QDPHO\ DFFHVVLELOLW\
GLVDVVHPEO\DVVHPEO\ VWDQGDUGL]DWLRQ VLPSOLFLW\ LGHQWLILFDWLRQ GLDJQRVDELOLW\ PRGXODUL]DWLRQ WULERFRQFHSWV

















7KLV LQYROYHV LQFRUSRUDWLQJ D GHVLJQ WKDW DOORZV IRU HDV\ RSHQLQJ RU IDVWHQLQJ RI PDFKLQH SDUWV DQG
FRPSRQHQWVRIYDULRXVDVVHPEOLHVRU VXEV\VWHPV7KLV LQ WXUQ ODUJHO\ OHDYHVDFKRLFH IRU WKH W\SHRI MRLQWVXVHG




DQG DSSOLFDWLRQ RI WKH SULQFLSOHV RI IULFWLRQ OXEULFDWLRQ DQGZHDU 6LQFH IDLOXUH RIPRVWPHFKDQLFDO FRPSRQHQWV
RFFXUV GXH WR ZHDU WKLV LV DQ LPSRUWDQW DWWULEXWH 8VH RI ZHDU UHVLVWDQW PDWHULDOV VHOIOXEULFDWLRQ ORQJHYLW\
OXEULFDQWVDQGVXUIDFHFRDWLQJPDWHULDOVJUHDWO\HQKDQFHWKHPDLQWDLQDELOLW\RIDFRPSRQHQW
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'LDJQRVDELOLW\
0DQ\ WLPHV EUHDNGRZQ FDQ EH SUHYHQWHG LI DW DOO D GHIHFW FDQ EH GHWHFWHG HDUO\ HQRXJK WR XQGHUWDNH
FRUUHFWLYHPHDVXUHVRUHYHQDIWHUIDLOXUHRFFXUVPRVWWLPHLVXVXDOO\XVHGXSLQILQGLQJWKHHUURU'LDJQRVDELOLW\LV
DQ DWWULEXWH ZKLFK UHIOHFWV WKH LQGLFDWLRQ VLJQDO XSRQ IDLOXUH LQFOXGLQJ IDXOW ORFDWLRQ )XQFWLRQDO VKDULQJ DQG









*7$KDVEHHQDSSOLHG IRU WKHTXDQWLWDWLYHHYDOXDWLRQRI WKHPDLQWDLQDELOLW\RIDPHFKDQLFDOFRPSRQHQW










x $V WKH QXPEHU RI QRGHV LQFUHDVHV UHOHYDQW HGJHV LQFUHDVH DV ZHOO JLYLQJ D YHU\ FRPSOH[ GLJUDSK IRU
LQWHUSUHWDWLRQ7RVROYHWKLVWKHGLJUDSKLVFRQYHQLHQWO\WUDQVODWHGLQWRDVTXDUHPDWUL[ZKHUHLQWKHURZV
DQG WKH FROXPQV DUH WDNHQXSE\ HDFKRI WKH DWWULEXWHV$FFRUGLQJO\ WKH GLDJRQDO HOHPHQWV GLLPDSSLQJ
HDFKDWWULEXWH WR LWVHOI UHSUHVHQW WKH LPSRUWDQFHRIHDFKDWWULEXWH WR WKHGHFLVLRQRU LQGH[XQGHUTXHVWLRQ
$OVR WKH QRQGLDJRQDO HOHPHQWV DLM¶V WKHQ ZRXOG PDS HDFK DWWULEXWH WR RWKHU DWWULEXWHV UHIOHFWLQJ WKH
UHODWLYHLPSRUWDQFHRIRQHZLWKUHVSHFWWRWKHRWKHU

x ,W LV WR EH QRWHG KHUH WKDW WKH GLJUDSK DQG LWV PDWUL[ DUH QRW XQLTXH DQG YDU\ DFFRUGLQJ WR WKH LQWHU
UHODWLRQVKLSRI WKHDWWULEXWHVDQG WKHLUYDOXHVDVVLJQHG7RGHYHORSDVWDQGDUG IRUHYDOXDWLQJDQXPHULFDO
LQGH[ RXW RI WKLV PDWUL[ WKH SHUPDQHQW IXQFWLRQ RI WKH PDWUL[ UHSUHVHQWHG DV SHU $ LV FDOFXODWHG
&RPSOHWHGHVFULSWLRQRIDSHUPDQHQWIXQFWLRQEDVHGRQLWVURRWFRPELQDWRULDOPDWKHPDWLFV LVEH\RQGWKH
VFRSH RI WKLV SDSHU WKRXJK ZKDW FDQ EH HDVLO\ XQGHUVWRRG LV WKDW LW FDQ EH HYDOXDWHG VLPLODU WR WKH
GHWHUPLQDQW H[FHSW WKDW DOO WKH QHJDWLYH VLJQV LQ D PDWUL[ QHHG WR EH FRQVLGHUHG SRVLWLYH 7KLV FDQ EH














RI WHUPV HDFK UHSUHVHQWLQJ WKH PHDVXUH RI DWWULEXWHV DQG WKHLU UHODWLYH LPSRUWDQFH ORRSV 7KH ILUVW JURXS UHSUHVHQWV WKH
FXPXODWLYHPHDVXUH RI DOO0 DWWULEXWHV 7KH VHFRQG JURXS LV DEVHQW DV WKHUH LV QR VHOIORRS LQ WKH GLJUDSK 7KH WKLUG JURXS
FRQWDLQVDWWULEXWHUHODWLYHLPSRUWDQFHORRSVDQGPHDVXUHVRI0íDWWULEXWHV(DFKWHUPRIWKHIRXUWKJURXSUHSUHVHQWVDVHWRI
DDWWULEXWHUHODWLYHLPSRUWDQFHORRSRULWVSDLUDQGPHDVXUHVRI0íDWWULEXWHV7KHILIWKJURXSFRQWDLQVWZRVXEJURXSV7KH




DWWULEXWH UHODWLYH LPSRUWDQFH ORRS DQG WKHPHDVXUHV RI 0í DWWULEXWHV (DFK WHUP RI WKH VHFRQG VXEJURXS LV D VHW RI D 
DWWULEXWH UHODWLYH LPSRUWDQFH ORRS RU LWV SDLU DQG WKHPHDVXUHVRI 0í DWWULEXWHV6LPLODUO\RWKHU WHUPVRI WKH HTXDWLRQ DUH
GHILQHG 5DR  7KLV SHUPDQHQW IXQFWLRQ LV WKH GHVLUHG QXPHULFDO LQGH[ EDVHG RQ ZKLFK IXUWKHU DQDO\VLV LV GRQH DQG
FRQFOXVLRQVDUHGUDZQ

4.2 Implementing the above procedure for evaluating the maintainability of a mechanical component 
%DVHGRQWKHWHFKQLTXHGLVFXVVHGDERYHWKHGLJUDSKFDQEHGUDZQIRUWKHPDLQWDLQDELOLW\RIDPHFKDQLFDOV\VWHPZKLFKZLOO
FRPSULVH RI IRXU QRGHV UHSUHVHQWLQJ WKH IRXU DWWULEXWHV LH DVVHPEO\GLVDVVHPEO\ WULERFRQFHSWV GLDJQRVDELOLW\ DQG V\VWHP





7KHFRPELQDWLRQRIQRGHVDQGHGJHV LQ WKHGLJUDSKVKRZQ LQ ILJXUH LQGLFDWH WKDWDVVHPEO\GLVDVVHPEO\FKDUDFWHULVWLFVKDYH
GLUHFW HIIHFW RQ V\VWHPHQYLURQPHQWEXW YLFHYHUVD LV QRW WUXHDQG V\VWHPHQYLURQPHQWGRHVQRW DIIHFW DVVHPEO\GLVDVVHPEO\





RI DWWULEXWH µL¶ RQ DWWULEXWH µM¶ $EVHQFH RI DQ HGJH EHWZHHQ DQ\ WZR DWWULEXWHG LQGLFDWHG QR UHODWLRQVKLS DW DOO DQG LWV













7KHRIIGLDJRQDOHOHPHQWV UHSUHVHQW WKHTXDQWLWDWLYHYDOXHRI WKH LQWHUGHSHQGHQF\RI WKHDWWULEXWHVZLWKHDFKRWKHU7KHVH
YDOXHVFDQEHDVVLJQHG















EH HVWDEOLVKHG LV WKH LPSRUWDQFHRI D SDUWLFXODU DWWULEXWH IRU D V\VWHP¶VPDLQWDLQDELOLW\ DVZHOO DV WKHLU UHODWLRQVKLSZLWKHDFK
RWKHU7KLVFDQDOVREHXQGHUVWRRGDVKRZRQHSDUDPHWHUIDFLOLWDWHVWKHRWKHUKHQFHWKHQDPHLVJLYHQDV'HJUHHRI)DFLOLWDWLRQ
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5HODWLRQVKLSEHWZHHQDQ\WZRSDUDPHWHUVFDQYDU\DQ\ZKHUHEHWZHHQEHLQJVWURQJO\UHODWHGWRQRWEHLQJUHODWHGDWDOO7KXVLWLV
XSWRWKHUHVHDUFKHUVRUWKHDXWKRUVWRGHYHORSDVXLWDEOHVFDOHIRUPHDVXULQJWKLVLQWHUUHODWLRQVKLSDQGKHQFHHVWDEOLVKLWDVD





+DYLQJGHYHORSHG WKH IXOOPDWUL[ LWVSHUPDQHQWFDQEHFDOFXODWHG IURP WKH IXQFWLRQVKRZQDERYH7KLVSHUPDQHQW WHUPHG
KHUH DV9DULDEOH3HUPDQHQW)XQFWLRQ IRU0DLQWDLQDELOLW\ 93)0 LV D GLUHFW UHIOHFWLRQRI WKHPDLQWDLQDELOLW\RI DPHFKDQLFDO



























7KH DWWULEXWH LQWHUGHSHQGHQF\DQG WKHLU GHJUHHRI IDFLOLWDWLRQ DUHEDVHG VROHO\RQ WKHGLVFUHWLRQRI WKHDXWKRUV DQG ILUVW KDQG
LQWHUDFWLRQZLWKVRPHWUDLQHGFUHZLQYROYHGZLWKPDLQWHQDQFHDFWLYLWLHV7KHYDOXHVRIWKHGLDJRQDOHOHPHQWVFDQEHILOOHGXVLQJ
7DEOH  DQG KHQFH VXEVWLWXWLQJ WKHP LQ WKH H[SUHVVLRQ IRU SHUPDQHQW RI WKHPDWUL[ KHUH NQRZQ DV WKH9DULDEOH 3HUPDQHQW
)XQFWLRQIRU0DLQWDLQDELOLW\90)0JLYHVXVWKHYDOXHRIWKH0DLQWDLQDELOLW\,QGH[,P

7KHVH YDOXHV ZKHQ VXEVWLWXWHG LQ WKH &303 IRU WKH UHIULJHUDWLRQ V\VWHP WKH SHUPDQHQW RI WKH PDWUL[ FDQ EH
HYDOXDWHGWRJLYHWKHPDLQWDLQDELOLW\LQGH[+HUH,P 
6LPLODU SURFHGXUH LV HPSOR\HG IRU DQ DLU FRQGLWLRQLQJ V\VWHP ZKHUHLQ WKH UHODWLYH LPSRUWDQFH RI HDFK RI WKH








 Strong(rij=4) Medium(rij=3) Weak(rij=2) None(rij=0)
Assembly/Disassembly  3 2,4
TurboConcepts  3,4 1 
Diagnosability  1,2 4
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UHODWLRQVKLSEHWZHHQGLIIHUHQW DWWULEXWHV LV DQDO\VHGDQG WDEXODWHG LQ WHUPVRI WKHGHJUHHRI IDFLOLWDWLRQ1RGHVRI WKHGLJUDSK
UHSUHVHQWWKHV\VWHPPDLQWDLQDELOLW\DWWULEXWHVZKLOHWKHLULQWHUUHODWLRQLVUHSUHVHQWHGE\WKHHGJHV7KLVGLJUDSKLVWUDQVODWHGLQWR
DRQHWRRQHPDWUL[NQRZQDVWKH&RPSRQHQW0DLQWDLQDELOLW\3HUPDQHQW0DWUL[&030DQGEDVHGRQWKLVPDWUL[WKH9DULDEOH
3HUPDQHQW )XQFWLRQ IRU0DLQWDLQDELOLW\ 93)0 LV SURSRVHGZKLFK LV FKDUDFWHULVWLF RI WKH FRPSRQHQW /RJLFDO 5DQNLQJ DQG
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
&XQQLQJKDP&(DQG&R[:$SSOLHGPDLQWDLQDELOLW\HQJLQHHULQJ1HZ<RUN:LOH\DQG6RQV




6DEKDUZDO 6 DQG *DUJ 6  'HWHUPLQLQJ FRVW HIIHFWLYHQHVV LQGH[ RI UHPDQXIDFWXULQJ D JUDSK WKHRUHWLF
DSSURDFK,QWHUQDWLRQDO-RXUQDORI3URGXFWLRQ(FRQRPLFV
9XMRVHYLF 5  0DLQWDLQDELOLW\ $QDO\VLV LQ &RQFXUUHQW (QJLQHHULQJ RI 0HFKDQLFDO 6\VWHP &RQFXUUHQW
(QJLQHHULQJ5HVHDUFKDQG$SSOLFDWLRQV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±
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